Abbreviations : NCS-1, neuronal calcium sensor 1; Ncs-1p, NCS-1 protein; IPCR, inverse polymerase chain reaction; BSD, blasticidin-S deaminase; BS, blasticidin-S; Mg-ncs-1-, null-mutant of Mg-NCS-1 We isolated a neuronal calcium sensor 1 W frequeninlike gene, Mg-NCS-1, from Magnaporthe grisea and evaluated the phenotypes of null-mutants of the gene. The putative Mg-NCS-1 protein showed high similarity to the other NCS-1 proteins. The null-mutants had normal growth and pathogenicity similar to the parental strain, but their growth was suppressed in high concentrations of Ca 2＋ or acidic conditions.
Neuronal calcium sensor 1 (NCS-1: also known as frequenin) belongs to EF-hand calcium binding proteins. It has been highly conserved among eukaryotic organisms 1) and expressed mainly in neurons. 2) In a nematode, a null-mutant of Ce-NCS-1, one of the NCS-1 genes, shows a defect in learning and memory. 3) On the other hand, NCS-1 is essential for growth in budding yeast. 4) Magnaporthe grisea (T. T. Hebert) Yaegashi and Udagawa (anamorph; Pyricularia oryzae Cavara) is â lamentous ascomycete that causes rice blast disease. In this fungus, components of signaling cascades are involved in appressorium formation, which is a prerequisite structure for infection. 5) Although direct involvement of NCS-1 in cellular diŠerentiation has not been reported, Ca 2+ acts as a common second messenger in intracellular signaling pathways. 6) Furthermore, some antagonists against calcium modulators inhibited the appressorium formation. 7) Together with diŠerent roles of NCS-1 among species, we were interested in the role of NCS-1-like gene in M. grisea.
We had already isolated the clone corresponding to the NCS-1-like gene from a cDNA subtractive library of M. grisea isolate P2, a Japanese strain of rice pathogen, 8) and named Mg-NCS-1 (formerly clone＃ A2). The Mg-NCS-1 (DDBJ accession number: AB083403) contained one open reading frame (ORF), which encoded a 190-amino-acids protein mostly similar to NCS-1 proteins (Ncs-1ps) with 50-80z identity (Fig. 1A) . Similar to other Ncs-1ps, a putative Mg-NCS-1 protein (Mg-ncs-1p) contained four EF-hand calcium binding motifs in similar positions (Fig. 1A) , but theˆrst motif was not completely matched with the consensus motif rule (prosite access number: PS00018). Mg-ncs-1p also harbored an Nmyristoylation motif (prosite access number: PS00008)-like sequence the same as the other Ncs-1ps (Fig. 1A) .
We generated null-mutants of Mg-NCS-1 by homologous recombination. The Mg-NCS-1 was previously conˆrmed to be a single copy gene by Southern analysis (Fig. 1C , and data not shown in detail). A gene disruption vector was constructed by inverse polymerase chain reaction (IPCR) 9) with the following primers; A2IP5: AGCTTTAATTAA GATGATGCAAATGTGAGAGG (the underline indicates additive PacI recognition site), and A2IP3: AGCTGCGGCCGCGCATTCAGTCTACCCAAG-AC (the underline indicates additive NotI recognition site). For cloning of the IPCR products, a plasmid vector pKS42-PstI was constructed from pBF101 MBD 10) by eliminating recognition sites of XhoI, KpnI, and PstI, and converting the SacI site to a PacI site. After digestion by PacI and NotI endonucleases, IPCR products were cloned in pKS42-PstI. Finally we constructed pKS51, which contained about 3.5 kb each of the 5? and 3? ‰anking regions of Mg-NCS-1, encompassing the blasticidin-S deaminase (BSD) gene driven by the trpC promoter and terminator from Aspergillus nidulans (Fig. 1B) . NaCl. P2 is the parental strain of M. grisea. A2D110-4, A2D119-5 and A2D103-4 are Mg-ncs-1-. A2E105 is an ectopic strain. All tests started with 1 mm square mycelial plugs from the same culture stage. Photos were taken after 6 days culture. Growth of Mg-ncs-1-in CaCl 2 was signiˆcantly diŠerent ( pº0.01) from that of the other strains. (E) Growth of Mg-ncs-1-strains in acidic conditions. Mycelial plugs (6 mm in diameter) from the same culture stage were used. All strains were cultured on 1 W 4YG medium adjusted to pH 6.0 or 3.5 with HCl. The photo was taken after 16 days cultivation.
Protoplasts of strain P2 were transformed by PstIdigested pKS51 and selected by blasticidin-S (BS) as described previously. 11) After checking by Southern analysis, we obtained three Mg-NCS-1 null-mutants (Mg-ncs-1-) A2D110-4, A2D119-5, and A2D103-4, and one ectopic transformant A2E105 (Fig. 1C) . In Mg-ncs-1-strains, Mg-NCS-1 was replaced by the BSD driving cassette.
All Mg-ncs-1-mutants survived and grew without any apparent diŠerences compared with the parental strain and the ectopic transformant on 1 W 4YG (0.13z yeast extract, 0.5z glucose) medium (Fig. 1D) , potato dextrose medium and oatmeal medium. No signiˆcant distinction between all strains was observed on conidiation, appressorium formation, or plant pathogenicity (data not shown). With 0.5 M CaCl2 in the media, the growths of Mgncs-1-strains were worse than the parental or ectopic strains (Fig. 1D ), but not in the same concentration of another divalent cation-salt MgCl2 (Fig. 1D) . Mgncs-1-strains seemed to be defective in tolerance to abundant Ca 2+ due to losing Mg-ncs-1p. EGTA, a calcium-chelating agent, did not aŠect Mg-ncs-1-strains in their growth compared with the wild strain in the concentration of 200 mM and 1 mM (data not shown). NCS-1 was reported to negatively regulate the Ca 2+ in‰ux of voltage-activated Ca 2+ channels.
12)
Mg-ncs-1p may also be involved in regulation of Ca 2+ in‰ux in fungal mycelia. Some calcium sensor proteins other than Ncs-1p were implicated in adaptation or tolerance to salt or pH stress. 13, 14) Mg-ncs-1-strains seemed to be similar to the wild strain in sensitivity to salt stress (Fig. 1D , and detail data not shown). On the other hand, Mgncs-1-strains were also signiˆcantly suppressed in growth when cultured at pH 3.5 (Fig. 1E) . Growth of the null-mutants at pH 3.5 for 16 days was 57.2± 3.8 mm in A2D110-4, 52.0±2.7 mm in A2D119-5, and 51.4±9.0 mm in A2D103-4 respectively, while it was 63.7±3.3 mm in P2 and 65.0±2.5 mm in A2E105 (means±SD).
Our results in this study suggest that NCS-1-like genes may have other unreported function(s) in M. grisea or probably inˆlamentous fungi, because growth of the null-mutants was aŠected by lower pH, in other words by high concentrations of H + , which had not been reported yet in other NCS-1. Considering a report that Ncs-1p is able to bind multiple proteins, 15) Ncs-1p may be involved in other unknown physiological functions. If Mg-NCS-1 and other NCS-1s can complement each other, Mg-ncs-1-will be a useful tool for investigating the cellular functions of NCS-1.
